Objective. Differential item functioning (DIF) assesses the consistency of items on a metric across clinical samples in relation to the attribute being measured. We hypothesized that in older adults with persistent pain, items of the Geriatric Depression Scale (GDS) would evidence DIF based on presence or intensity of pain.
Introduction

D
epression is common in patients with persistent pain [1] . Rates of depression in mixed age patients with persistent pain are reported to be between 30% and 54% [2] . The co-occurrence of depression within medical populations, such as patients with persistent pain conditions, is associated with increased medical symptom reporting [3, 4] , worsened functional impairment [5] , and increased mortality [6] . Older adults currently constitute more than 12% of the United States' population. In community-dwelling older adults, the prevalence of pain experienced every day for at least 3-6 months has been estimated to occur at rates of up to 50% [7] . Other studies have estimated that up to 70-85% of people aged 65 and older experience a significant health problem that predisposes them to persistent pain [8, 9] .
Distinguishing major depression from the symptoms of persistent pain can be challenging in older adults. In addition to the emotional and cognitive symptoms, clues to depression in older adults include the presence of somatic symptoms such as chronic fatigue, disturbed sleep, gastrointestinal disturbance [10, 11] , and anxiety [12] . These symptoms often are present in persistent pain patients, and may make accurate diagnosis and treatment planning challenging.
Measures of depression that were created for and validated in nonpain samples may perform differently when used with persistent pain patients. This may be especially true for older adults because of the effect persistent pain and other somatic complaints have on depression symptom reporting. In addition to somatic complaints, older adults with persistent pain may also express elevated fears about the future (i.e., not getting pain relief), feel helpless and hopeless about their situation [13, 14] , evidence impaired cognitive functioning [15] [16] [17] , and report decreased self-esteem [18, 19] and social isolation [20] . Like the somatic complaints of persistent pain, these symptoms overlap with depression.
Differential item functioning (DIF) provides an assessment of the consistency of items on a metric across different clinical samples in relation to the underlying attribute being measured [21, 22] . DIF analysis can help to determine if test questions are appropriate for use in various clinical groups. Applying DIF is especially useful when evaluating an assessment tool that taps symptoms common to more than one condition, such as persistent pain and depression. This need for an understanding of how an individual's clinical state interacts with the measurement process is critical for purposes of case identification, diagnosis, and treatment planning.
We hypothesized that in a sample of older adults with persistent pain, certain items of the Geriatric Depression Scale (GDS) [23] would show evidence of DIF. We predicted that both the 1) presence of persistent pain and 2) intensity of pain would differentially affect the function of a group of items on the GDS.
Methods
Subjects
Subjects were 677 English-speaking community dwelling older adults (age 65-91). Pain was measured with the pain thermometer [24, 25] and had to be of at least moderate intensity, more days than not, for at least 3 months of duration. The average length of time subjects were in pain was 12.8 years (N = 476). Subjects who were free of pain also were included in the analysis (N = 201). Pain-free status was defined as no pain or pain occurring less than once per week of little intensity as measured with the pain thermometer.
All subjects received a comprehensive medical, pain, and psychosocial evaluation as part of their participation in either: 1) a research study evaluating psychosocial and functional differences between older adults with and without chronic low back pain (N = 374) [26] ; 2) a clinical trial evaluating the efficacy of percutaneous electrical nerve stimulation (PENS) for low back pain in older adults (N = 215) [27] ; or 3) a clinical trial evaluating the efficacy of periosteal electroacupuncture (osteopuncture) for knee pain in older adults (N = 88). All assessments were completed before any testing or treatment procedures were begun.
All subjects were cognitively intact, as determined by screening with the Mini Mental State Examination score [28] (mean = 28.5, SD = 1.5). Prior to their participation subjects signed informed consent, which was approved by the University of Pittsburgh Institutional Review Board. Subjects were recruited via newspaper and radio advertisements and fliers placed in senior centers and primary care clinics.
Screening occurred in two phases. The first phase occurred over the telephone (N = 2997), which was followed up on-site by one of the investigators (D.K.W.) with a structured history and physical examination (N = 1025). Exclusion criteria included cognitive impairment (Mini Mental State Examination [MMSE] < 24 adjusted for age and education), severe visual or hearing impairment, and acute illness or pain. The majority of subjects with pain reported the lower back as their primary pain site (73%), followed by knee pain (18%).
Subject demographics are shown in Table 1 . The pain-free and persistent pain subjects were not significantly different with respect to age, gender, educational level, ethnicity, or marital status. However, compared with pain-free subjects, the pain subjects were found to have a significantly higher number of medical comorbidities as measured by the Cumulative Illness Rating Scale (CIRS) [29] , and modestly lower MMSE scores. The GDS scores were significantly higher for the pain subjects (mean = 5.3, SD = 5.4) compared with the pain-free subjects (mean = 1.9, SD = 2.6).
Procedures
Depressed mood was assessed with the GDS [30] , a brief self-report questionnaire both developed and normed for use with older adults. Patients are asked to respond yes or no to 30 questions about their mood state on the day of testing. The GDS has been shown to have excellent reliability and validity [31] . The alpha coefficient is 0.94, testretest reliability 1 week apart is 0.85, and correlations with structured depression interviews are high (e.g., 0.83 with the Hamilton Rating Scale for Depression [30, 32] ).
Pain intensity was measured with the McGill Pain Questionnaire Short Form (MPQ-SF) [33] that has been validated in community dwelling older adults with chronic low back pain [34, 35] .
The CIRS and MMSE were completed by one of the investigators (D.K.W.). The CIRS is a wellvalidated measure of comorbidity and was completed based on data that were collected during the structured history and physical examination. The MMSE [28] is a method widely used to screen for cognitive impairment, and it has been validated and normed for use in older adults [36] .
Data Analyses
A requirement when applying item response theory (IRT) methods to data is that the items measure a dominant trait. For example, the items must be unidimensional enough to allow for the unbiased scaling of individuals on a common latent trait. We used three common approaches to evaluate whether the 30 items of the GDS are essentially unidimensional. These were: 1) internal consistency reliability; 2) item-scale correlations; and 3) factor analysis, which evaluated the size of eigenvalues via a scree plot to determine if most of the variance was accounted for by the first factor. IRT item parameters and model fit were evaluated with WINSTEPS [37] , using a one-parameter IRT model. WINSTEPS is a psychometric computer program that implements Rasch analysis, a method for obtaining objective, fundamental, linear measures from stochastic observations of ordered category responses. The software is very flexible and calculates item weights, processes a variety of rating scale formats, investigates dimensionality with principal components analysis of residuals, and analyzes item, person, and category model misfit. Item fit was assessed by examining the infit mean square statistic. The infit mean square statistic has an expected value of 1.0. If the infit mean square lies between 0.6 and 1.4 the item was considered to have a good fit [38] . Any item with an infit value <0.6 denotes "over-fit," which indicates a poorly discriminating item that makes little contribution to the overall scale scores. An infit value >1.4 denotes an item with unexpected variation and does not fit the Rasch model, which is an undesirable characteristic for forming a wellcalibrated unidimensional scale. Assuring item fit is a necessary first step before testing for DIF.
After unidimensionality and item fit to the Rasch model were determined, DIF was tested in two ways. First, the GDS item calibrations were compared between respondents who were pain free and those respondents with persistent pain. A second set of DIF analyses for the GDS items were computed for those with lower pain scores on the MPQ-SF vs those with higher MPQ-SF scores. The WINSTEPS program was used for item equating and to test for the invariance of item estimates. The null hypothesis in DIF is that two parameter estimates for an item, estimated from separate samples, are the same, except for measurement error. A t-test was used to test for significant DIF. A P value of less than 0.05, two-tailed, was considered significant. Table 2 displays the point-biserial correlations for the 30 GDS items. These correlations are between each item and the total score, with that particular item deleted from the total score. As can be seen, all 30 GDS items were reasonably high and ranged from 0.30 to 0.66, with an average point-biserial correlation of 0.47. The Cronbach alpha (KR-20) reliability index for the 30 GDS items was 0.90, suggesting high internal consistency. Finally, the scree plot of the eigenvalues from the factor analysis of the 30-item GDS indicated that the majority of the variance was accounted for by the first factor ( Figure 1 ). Taken together, these results provide converging evidence that the GDS items are essentially unidimensional.
Results
Evaluating Unidimensionality
Evaluating Item Fit to the Rasch Rating Scale Model
The GDS ratings from all 677 subjects were tested for their goodness-of-fit to the Rasch Rating Scale Model. Table 2 presents the resulting item parameters, their standard error of estimate, and the infit statistic. Using our infit criteria of between 0.6 and 1.4, all 30 GDS items were found to fit the Rasch model. Analogous to the beta weights that result from regression analysis but using nonlinear estimation methods, the Rasch analysis of data produces a parameter for each item in a scale, referred to as a difficulty parameter. These are listed in column 2 of Table 2 and labeled as Measure Parameter. For our present purposes, the item Measure Parameter represents the point on the latent depression dimension, measured in logits, where the probability of a positive response to that particular GDS item is 0.50. Thus, this parameter is a location parameter with respect to the measurement scale. Consistency was maintained among the items in terms of how they were asked. For example, "hopeful about the future" was rephrased as "not hopeful about the future." Likewise, "think it is wonderful to be alive now" has been changed to "do not think it is wonderful to be alive now." This adjustment allowed the Measure Parameter of all the items, both positively and negatively worded, to be evaluated along a similar metric. Those items with a relatively high negative Measure Parameter, such as items #21 (do not feel full of energy; measure value = -2.29) and #30 (mind is not as clear as it used to be; measure value = -2.25), indicate items with less informational value. Those items with relatively high positive measures, such as items #7 (not in good spirits most of the time; measure value = 1.42) and #22 (feel situation is hopeless; measure value = 1.81), suggest greater informational value. A good measurement scale should provide measures with adequate coverage or sensitivity over the full range of the latent construct of interest. For this analysis, a full range of GDS items, including lower, middle, and higher item parameters, were needed to adequately address the full range of depression. We stated that the higher positive items were most informative because endorsing these items is predictive of the respondent more likely endorsing many of the items with a lower parameter value. Our Rasch analysis of the GDS indicates that the items in this scale indeed provide sufficient coverage over the full range of the latent depression scale, as indicated by the wide spread of item measure estimates (Table 2) .
DIF Analyses Related to the Presence of Pain
Our first set of DIF analyses tested whether Rasch scale parameter estimates for the 30 GDS items were equivalent (within random estimation error) for subjects without pain and those subjects with persistent pain. These results are presented in Table 3 . As can be seen, seven of the 30 items were found to display significant DIF, indicating these items function differently in deriving depression scores on the GDS based on an individual's pain status. These items were: 1) dropping activities and interests; 2) bothered by thoughts cannot get out of head; 3) often get fidgety and restless; 4) prefer to stay at home; 5) do not feel full of energy; 6) do not enjoy getting up in the morning; and 7) mind is not as clear as it used to be.
DIF Analyses Related to Pain Severity
Our second set of DIF analyses tested whether Rasch scale parameter estimates for the 30 GDS items were equivalent for subjects with lower vs higher levels of pain severity. A median split on the MPQ-SF (median = 10.0) was used to classify subjects with persistent pain as having lower pain severity (below the median) or higher pain severity (above the median). The results of these DIF analyses are presented in Table 4 . As displayed in Table 4 , seven of the 30 items were found to display significant DIF, indicating these items function differently in deriving depression scores on the GDS based on an individual's level of pain severity. These items were: 1) dropped activities and interests; 2) feel life is empty; 3) bothered by thoughts cannot get out of head; 4) often get fidgety and restless; 5) prefer to stay at home; 6) feel more problems with memory than most; and 7) do not find life very exciting.
Testing a GDS Scale Unbiased by Pain
Inspection of the results presented in Tables 3 and  4 indicated that a total of 10 GDS items displayed 
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Pain Biases Response on Geriatric Depression Scalesignificant DIF (there were four items that displayed significant DIF for both the presence of pain and pain severity). The 10 DIF items were eliminated and a new revised GDS scale comprised of the remaining 20 items was created and evaluated to determine if its psychometric properties were similar to the full 30-item scale. As expected, the full and revised GDS scales (GDS-PAIN) were highly correlated, r = 0.96. The correlations between the MPQ-SF and GDS-PAIN and full GDS scale were very similar, r = 0.32 and r = 0.34, respectively. The GDS-PAIN scale had a Cronbach alpha of 0.87, compared with a Cronbach alpha value of 0.89 for the full scale. Rudy et al. [26] found a significant difference on the full GDS scale between older adults with and without chronic low back pain, with an effect size of 0.83 (i.e., large) between these two groups. Using the GDS-PAIN scale, this significant difference remained, and the effect size was found to be very similar (0.80). An important psychometric question not addressed by the above analyses is what happens to the diagnostic sensitivity of the GDS when the GDS-PAIN scale is used instead of the full scale. To evaluate this we used a cutoff score of 10 on the GDS to indicate depression [39] . As the GDS-PAIN scale contained only 20 items, we rescaled the raw scores to have the same range as the full GDS scale (int(((30 * GDS-PAIN)/20) + 0.5)). The results of this analysis are presented in Table 5 . These two scales resulted in significantly different classification results (c 2 (1) = 444.1, P < 0.0001). Using the full scale and a cutoff score of 10 resulted in 86 or 12.7% of this sample being classified as depressed. However, 27 of these 86 subjects (31.4%) were not classified as depressed when the GDS-PAIN scale was used. Overall, the number of depressed subjects dropped to 59 or 8.7% when the GDS-PAIN scale was used.
Discussion
Our findings support the aims of this analysis that were to 1) evaluate if the presence of pain, regardless of its intensity, created DIF in at least some of the depression items of the GDS and 2) describe if, as pain severity increased, DIF would be more widespread, perhaps because of the increased life disruption and disability that has been shown to be correlated with pain intensity [40] [41] [42] [43] . Specifically, several items appear to behave differently as a result of the presence or severity of pain. When these items that displayed DIF are removed, the revised GDS (GDS-PAIN) appears to be psychometrically stable and maintains both internal consistency and similar correlation values with a measure of pain as the original scale. Four of the 10 items (40%) were biased by both presence and severity of pain. The clinical salience of our findings is supported as both of these characteristics of pain (presence and severity) resulted in overlapping differential item bias. The 10 items removed from the GDS include 1) dropping many activities and interests; 2) bothered by thoughts cannot get out of head; 3) often get fidgety and restless; 4) prefer to stay at home; 5) do not feel full of energy; 6) do not enjoy getting up in the morning; 7) mind is not as clear as it used to be; 8) feel life is empty; 9) feel more problems with memory than most; and 10) do not find life very exciting. These items can be grouped into preliminary groups, which we have labeled 1) low energy/isolation; 2) anxious; and 3) cognitive. Table 6 lists the items which comprise each of these groups. None of the items that functioned differently because of either the presence or intensity of pain dealt explicitly with depressed mood, anhedonia, or hopelessness. Indeed, the six items that were grouped as low energy/isolation (which are most closely related to depression) perhaps reflect a fatigue, sense of feeling "slowed down," and decreased "zest" for life that may be independent of depression. This is apparent in the 1) dropping activities and interests; 2) feeling life is empty and not exciting; 3) preferring to stay at home; 4) lacking energy; and 5) not enjoying getting up in the morning. A recent article by Parmelee et al. [44] supports these findings, in particular dropping activities and interests, and suggests that having and retaining favorite pastimes are associated with reduced levels of depression and should be considered when evaluating the effects of pain upon quality of life.
One explanation for these potentially linked items is that pain is exhausting for older adults. While they might not be depressed (evidenced by the low GDS scores for the group as a whole), they might be fatigued by their persistent pain. It has been reported that fatigue (defined as tiredness in daily activities) among nondisabled older adults is a risk factor for subsequent disability [45] . This finding is supported by other work reported by Wijeratne et al. who used exploratory factor analysis to determine the structure underlying the responses of 10,662 ambulatory primary care patients, aged 60 years and over, who completed the 34-item SPHERE (Somatic and Psychological HEalth REport) questionnaire of somatic and psychological symptoms [46] . They derived a clinically interpretable four-factor solution consisting of mood, cognitive, musculoskeletal, and fatigue symptoms. An explanation why the item "do not enjoy getting up in the morning" showed evidence of DIF is because for many patients with persistent pain, in particular osteoarthritis and fibromyalgia, morning stiffness is a prominent complaint. Thus, morning may be a time of worse pain.
Another potential explanation is that these items represent a latent variable known as learned helplessness [47] . Learned helplessness occurs when individuals come to expect that either negative outcomes will occur or positive outcomes will not occur and simultaneously feel a lack of control over the occurrence of these outcomes [48] . Perhaps these items tap a loss of pleasure seeking (e.g., going out with friends, spending time on hobbies) that is negatively affected by the presence of pain, which is independent of depression in older adults.
The differential functioning of cognitive items builds upon work with older adults by our group that reported the effect of pain on both memory and executive functioning [16, 17] . The presence or severity of pain differentially affected the following two items related to cognition: 1) feel more problems with memory than most; and 2) mind not as clear as it used to be. In earlier studies we reported that pain severity was associated with decreased performance on a test of number-letter switching, indicating a relationship between pain and mental flexibility [17] . We also reported that older adults with chronic low back pain demonstrated impaired neuropsychological performance as compared with pain-free older adults. Further, pain severity was inversely correlated with neuropsychological performance [16] .
While the sample in this report had relatively low scores on the GDS, suggesting minimal depression, it has been reported that approximately 45% of patients with depression in old age exhibit cognitive impairments in two or more cognitive domains. These impairments are most commonly characterized by deficits in information-processing speed, executive functioning, and visuospatial construction [49] [50] [51] . These reports of cognitive dysfunction, however, are often incidental findings in patients identified as having Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV)-defined major depressive disorder. As the subjects in this report have on average mild depression scores yet still reported subjective cognitive changes, perhaps the behavior of these subjective The anxiety items that exhibited differential item functioning, feeling fidgety and restless and bothered by thoughts cannot get out of head, are similar to symptoms of generalized anxiety disorder (GAD). Older adults with GAD report more restlessness, irritability, fatigue, and muscle tension relative to those without GAD. Wetherell and colleagues found that older adults with GAD reported greater worry, worry more days than not, worry about a greater range of topics (e.g., family, finance, personal health, social/interpersonal matters), and had more difficulty controlling their worry compared with a group of seniors with subsyndromal anxiety and asymptomatic controls [52] . It is known that GAD is a frequent cotraveler with depression [53, 54] . However, in the presence of pain, these anxiety items perform differently and do not appear to contribute to a precise assessment of depressive symptoms.
These analyses are limited by several factors. First, our sample had relatively low scores on the GDS. Although this may reflect recruitment bias (i.e., more depressed individuals may not have responded to flyers or other advertisement), we feel the relatively low rates of depression is consistent with reports that older adults living with persistent pain may have lower rates of affective illness than mixed age samples [16, 17, 55] . Nonetheless, the fact that 10 unique items showed evidence of DIF supports the need for improved mood assessments for older persistent pain patients. Additionally, using a case-control design to evaluate DIF, that is, comparing two extreme groups (one with the condition, one control), does not necessarily ensure that the condition of interest (in our application, pain) is completely responsible for significant DIF. Other potential confounders to the observed DIF are the differences between the pain and control groups in terms of medical comorbidities and MMSE scores. Of note, while the MMSE mean scores were statistically significant between the two groups, this difference of less than 0.5 was not clinically significant. It is unavoidable to find differences in level of medical comorbidity between pain patients and normal controls. For example, individuals with pain are often less physically active, which results in weight gain, hypertension, hypercholesterolemia, and diabetes. As comorbid medical burden may also affect some of the items that evidenced DIF, future work with more medically burdened controls is warranted.
Our work adds to the substantial literature examining the complex relationship between depression and persistent pain [56] [57] [58] [59] [60] [61] [62] [63] . In addition to describing how both conditions are risk factors for each other and are mutually exacerbating, a common theme in this research area has been how to best distinguish depression among patients with persistent pain [58] . In our comparison of the revised GDS (GDS-PAIN) with the full scale, the psychometric properties appeared to be stable and provide preliminary support that the GDS-PAIN scale that removes items biased by pain does not appear to adversely affect the psychometric properties of the scale. Although the GDS-PAIN scale appears to be more specific in its screening for depression, future work should compare structured clinical interviews for depression, such as the Structured Clinical Interview for Axis I DSM-IV Disorders [64] , with the GDS-PAIN to ascertain its diagnostic precision. Future comparisons of older patients with comorbid depression and persistent pain of the GDS-PAIN with other measures of depression severity such as the Hamilton Rating Scale for Depression [32] and the Montgomery Asberg Rating Scale for Depression [65] will also further support its validity and specificity.
According to the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) [66] , for authors of a new or adapted measure to recommend it over relevant existing instruments, it is incumbent to demonstrate whether a newly developed measure has incremental advantages, including decreased participant burden or increased reliability or validity. Given 1) the sound psychometric properties of the GDS-PAIN; 2) the fact that it is shorter by 10 items; and 3) the apparently improved specificity for assessing depression when used in older adults with persistent pain, we feel it warrants further testing.
